SUMMARY Twenty four hour ambulatory monitoring was performed on 120 healthy volunteers using a frequency modulated recorder: 50 men and 50 women below 40 years and 20 men between 40 and 60 years were studied. Twenty eight subjects had episodes of ST segment elevation (range 1-3 mm), which occurred almost invariably at night with a slow heart rate (62.4+ 104 beats/min). ST segment elevation occurred most often in men, and was not found in subjects over the age of 37. Also in 10 subjects horizontal or downsloping ST segment depression (range 1-2 mm) was recorded, usually in association with tachycardia (135±10.5 beats/min 
Both ST segment elevationl 2 and depression>5 recorded during ambulatory electrocardiographic monitoring have been accepted as indicators of cardiac ischaemia in patients with suspected or diagnosed coronary artery disease. Occasionally ST segment displacement has been noted in individuals who were investigated for chest pain and found to have normal coronary arteries. l -8 The frequency, magnitude, and morphology of such changes recorded during 24 hour ambulatory monitoring in normal individuals, however, have not been fully evaluated. Such an assessment is clearly important if ambulatory monitoring is to be used in the diagnosis and evaluation of patients with chest pain. We have determined the types of ST segment changes occurring during 24 hour ambulatory electrocardiographic monitoring during normal daily activity in a group ofhealthy normal volunteers.
Patients and methods
Twenty four hour ambulatory monitoring was performed, on 120 volunteers, most of whom were hospital staff or medical students and who were all free from any past or present cardiovascular symptoms.
One hundred subjects, 50 men and 50 women, were aged between 20 and 40 years (mean 27 8+4. 8) and 20 men were aged between 40 and 60 years (mean 51 3).
This work was supported by a grant from the British Heart Foundation.
Accepted for publication 12 The magnitude of the ST segment elevation varied from 1 to 3-0 mm above the baseline in lead CM5 (Table) . ST segment elevation almost invariably occurred during sleep. The mean heart rate at the onset of ST segment elevation was 62*4±+10.4 beats/ min, and there were no appreciable changes in the heart rate at the onset or end of the episodes of ST segment elevation (Fig. 2) . Most individuals (23 out of 28) had gradually increasing ST segment elevation which lasted for several hours (mean 3 hours 14 min) during sleep (Fig. 3) , and 19 of them had superimposed briefer episodes of further discrete ST segment elevation. Five of the 28 subjects had discrete brief episodes of ST segment elevation only (Fig. 2) , with a mean duration of 36*6+31.9 min.
Seventeen subjects had ST segment changes in lead In all these subjects the T wave became upright and peaked in lead CM5 during ST segment elevation (Fig. 2) , whereas in lead CM2 the T wave amplitude was either the same or reduced. Ambulatoty electrocardiographic ST segment ch,anges in healthy volunteers nary artery disease, however, also showed similar changes. Secondly, these studies showed that most of the episodes of ST segment depression were not associated with pain, although they resembled changes occurring during chest pain and it was assumed that they, nevertheless, reflected myocardial ischaemia.
Only a few studies in normal subjects have determined the true incidence of ST segment changes on ambulatory monitoring. Stern and Tzivoni" I found no evidence of ST segment change in 42 normal subjects, but these recordings were conducted only at night. A study by Armstrong et al. 12 in 50 asymptomatic men aged 35 to 49 found transient ST segment depression in 15. The higher incidence of ST segment depression in this study may be due to several factors. The average age of their subjects was such that silent ischaemia could not be excluded, and only 35 subjects were tested for orthostatic ST segment changes; four individuals who developed such changes were also included in the analysis.
Our study has shown that both ST segment depression and ST segment elevation often occur in normal volunteers. In none of the subjects who were tested could these changes have been induced by posture or hyperventilation. ST segment depression occurred only when there was a tachycardia, and almost all of these subjects developed ST segment depression during an exercise test. Although typical planar or downsloping ST segment changes were observed, they never exceeded 2 mm.
ST segment elevation occurred in almost a quarter of the subjects. It did, however, have an easily recognisable pattern. In all subjects ST segment elevation occurred at low heart rates and almost invariably at night. Some subjects had distinct transient episodes of 2-3 mm elevation lasting a few minutes, but most had a more gradual change over several hours. Finally, no normal person over the age of 37 had ST segment elevation, and the incidence was highest in the youngest subjects. It is clearly important to be aware of these findings, otherwise coronary spasm may be inappropriately diagnosed in young subjects in whom ambulatory monitoring is being used to evaluate atypical chest pain.
The cause of these ST segment changes is unclear. False positive ST segment changes can occur during exercise testing,'3 14 and therefore it is not surprising to find such changes in ambulatory monitoring. One of the difficulties with studies using normal volunteers, however, is excluding the possibility of latent disease. In an attempt to overcome this we not only studied subjects in the age group in which coronary disease usually occurs but also investigated a large number of young people in whom the likelihood of coronary disease would be low. Subjects who developed episodes of ST segment depression were all asymptomatic, normotensive, whites who were not having any treatment. Physical examination and resting electrocardiograms were normal. Furthermore, these changes on the ST segment could not be induced by posture or respiration.
ST segment monitoring has been widely used for evaluating patients with chest pain,>6 and several workers have also used this technique to evaluate drug treatments' [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] in ischaemic heart disease. Although ambulatory monitoring may be extremely useful in both circumstances, it is important to be aware of the normal response if meaningful data are to be obtained.
One of the essential prerequisites of using ambulatory electrocardiographic systems for diagnosing myocardial ischaemia is to ensure that the composite system can accurately reproduce ST segment changes. 9 The frequency response of the ST segment during electrocardiographic recording is at the lower frequency range of 0-05-0*5 Hz. Several of the older ambulatory monitoring studies were hampered by the use of direct recording systems which did not have an adequate response at these low frequencies and consequently produced severe distortions in the ST segments.'820 The magnetic tape, frequency modulated recorder, scanner, and print out systems used in this study have an adequate low frequency response, down to 0.05 Hz (3 dB down),9 and this was tested regularly. We took precautions to minimise baseline drift of the electrocardiogram by adequate skin preparation and electrode adherence.
In conclusion, this study in healthy volunteers shows the frequent occurrence of ST segment changes during ambulatory monitoring. ST segment depression occurred with a tachycardia and could usually be reproduced during conventional exercise testing. ST segment elevation, with peaked T waves, occurred significantly more often in young men and occurred almost invariably at night. T wave changes were commonly observed and were often due to orthostatic changes;
